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«<eather  and 
c><ietch  ou  a 


aviation  bafety 
divilign  i"lane  irip 


oi'itten  by  dhii  i’an 

jiarly  in  the  iiioraiag,  the  sky  was  de-isely  covered  witn 
dark  clouds,  wf.ose  glooir.iness  ir.ade  .;ie  feel  as  though  ir.y  heart 
was  enveloped  cy  9 layer  o'”  rrk  c3'-u:;e  too.  According  to  the 
schedule,  I was  supposed  to  finish  the  next  part  of  rQy  trip 
today.  tvith  the  weather  like  this,  i feared  that  the  plane 
would  not  be  able  to  leave  on  tiae.  IJevertheless , 1 still 
.aanaged  to  arrive  at  ti.e  airport  punctually,  having  an  hour 
yet  to  go  before  departure,  i strolled  toward  the  ia^o'^mation 
booth  in  the  v.'aiting  room.  A girl  with  two  oueues  on  her  hair 
was  recording  so:riething  on  a chart  wuerein,  as  1 walked  forth 
and  took  a look,  v/ere  writuen  all  the  incoming  and  outgoing 
flignts  of  different  itineraries  on  that  day,  followed  by  re- 
marks as  to  which  flights  were  to  take  off  as  scheduled  and 
which  flights  had  to  be  delayed,  etc.  Out  of  cur'osity,  I 
asked  Vier  why  certain  flights  could  depart  on  time,  whereas 
otuers  could  not.  it  was  due  to  the  fact,  she  replied  siilingly, 
tjiat  the  v/entiier  standards  varied  for  different  pilots, 
observing  that  I did  not  fully  understand  her  reply,  she  ex- 
plained patently  to  me  what  she  meant  by  weather  standards 
for  pilots,  for  each  model  of  aeroplanes,  djffez’ent 
weather  standards  were  assigned  to  different  pilots  compat- 
ible with  their  individual  navigation  proficiency  and  exner- 
ience . .vhen  the  weather  at  a certain  time  fell  below  the 
specified  standard  for  a particular  pilot,  he  was  not  allowed 
to  fly. 

'•Isn't  there  a certain  kind  of  'all-weather'  pilots?",  I 
pursued,  I’e  aembering  having  come  across  this  ter.n  in  a ...agazlne. 


'"L'  .iS  XeVii  is  not,  ai'i  l icaile  is  civilian  aviaiion",  she 
cuaiinued  i,u  s7.pi;aiu.  "ine  jo-calied  'all-,.'eatner'  is 
actually  a rela  t-j-velj -s;  enaxa^^  term.  Nataie  is  ujipred ictaole . 
riiCre  are  a nuiuotr  ui  aat  .rul  puenomena  taai  can  directly 
Hi'ftct  a llj  uijseioxi.  dervi.xj;  at-,  a soclalxstic  transpor- 
tation e’.  iei'prise , the  Cmaest  civilian  aviaoion  in- usiry 
alv-'a/i^  puts  safety  anead  of  evex'yth;;._  else  ,.i.en  carrying  out  its 
...issions, " 

"u..w,  tnen,  can  oi-fc  toll  ..'hicli  natural  pheno..ena  affect 
uviation  an  ■■•.Lxch  uu  r.jt?",  a co.-.Z'aae  v.'ho  was  Si^az.dins  r. nxt 
to  us  raised  a (|uesiion.  ut-er  passezjgers  i^  fcne  waiting  roo:.i 
foiind  tJie  „uo^ect  very  a,v/LiSiag,  so  tney  all  ci'owded  around  us. 
iloalizing,  t^.a!  cvei'/oody  was  i -terestcd,  tne  girl  decided  that 
s'.e  .night  as  ’well  i,ive  us  a tali  on  the  rc  i ations^iip  between 
'weather  and  aviation. 

Vario'as  ilf'fects  of  -leatr.er  cm  nvxnli  n Safety 

ilie  cifects  of  ■ eatner  on  aviatioii  CnU  generally  be 
divide"’  into  tiiree  L-y^yes.  ine  fx  st  ty^.e  involves  tl.e  natural 
p,.enOi..ena  that  afft  ct  ttie  view._,  of  t..e  pilots,  sucn  as  low' 
clouds,  precipxtatxOij.  , fogS , and  dust-storms,  wi.xch  affect 
the  safety  of  ac^rot^lancs  aiibig  taK.^■-  ff  a. id  lanui^.g.  i'he 
second  type  x.v-Ives  tne  natural  .'’orces  mat  are  directly 
ejierte  i on  the  ei-oplane.  or  t .exr  steering  surfaces.  They 
cause  navif^a-tion  difficult.  ^o.ueti..es  serious  co..se  .uences 
car.  e .s-.e  .v!  ea  the  p...lot  fails  to  co..trol  tjje  aeroplane,  or 
When  trie  .-'tructural  trengt.i  of  ti.e  aeroplane  cannot  endv.re 
sucn  adversities,  as  in  me  ca.ses  of  tnunders terms  or  turbulent 
currentSf  or  stroi.g  duriicg  taK.e-off  and  landing,  etc., 

■I, hare  vmient  disturbances  are  experieiiced.  ine  th  i ru  type 
i..volvea  the  prieno.tenoii  of  freezing  tt.at  can  lead  to  chai.ges 
in  t'.e  streomliaes  of  tne  aeimpianes,  whose  dynat.ic  2'>roperties 


iu  tiie  air  will  co :jse^iuently  be  impaired 


I,  O'j^  ci'-iC  iiua  of  Pilots'  Views 

I. 

•1  I.i  step  with  the  ^-ropresses  of  scLentif_c  tecnaolowy, 

rac:.ji-Cjes  for  aiumg  aerial  iiavi*:atir;a  are  appraa  chiag  per- 
, fectioa,  iMo.vadays,  lar^e  airports  are  well-equipped  with  all 

(CiiiQS  of  navigation  guidance  facilities  and  aviation  and 
lii-uiiAg  aids.  ibicre  is  a iiind  of  faci^-ity  uspeo  ally  used 
for  tne  so-called  blind-lanaxng  operation.  One  is  easily  led 
I CO  tniiiK,  as  ohe  name  sug^^ests,  tnat  with  this  uind  of  facili- 

' cy  t;.e  pilot  could  periorm  his  Icmding  with  his  eyes  closed, 

i i'nis  is  not  so,  however.  Although  the  pilot  can  rely  on  his 

r radio  commun ■ cation  systems  and  all  kinds  of  navigation  gui- 

I ' dance  ix.struments  d inn-  his  entire  flight  to  reach  his  destination 

; ■ accurately  even  undor  circui.iStances  w ere  he  ;iay  not  be  able 

; ' to  see  ti'.e  .^round  at  all,  ne  still  iias  to  rely  on  his  own  eyes 

!j  • to  survey  his  surroundings  and  to  judge  wnere  to  touch  the 

I ground  durl;ig  his  landing  operation.  If  in  tnis  critical 

period  tne  pilot's  vie*  is  obstructed,  landing  will  be  made 
very  difficult,  and  serious  consequences  can  result.  Jtatis- 
tics  indicate  that  SO/a  of  tiie  accidents  in  aerial  transporta- 
P tion  in  tne  world  took  place  during  the  taK:e-off  and  landing 

stages,  with  t.ie  ..lajoricy  of  these  cases  associated  with 
laiidioji.  In  order  to  ensure  tne  safety  of  aeroplanes  during 
take-off  and  landing,  pilots  are  as.  ■' gned  different  wcat'ner 
standa,ro3  coinpatible  with  tne.^r  levels  of  training  in  each 
airport,  coiiS  id  oration  being  uaneu  as  to  how  well -equipped  and 
in  what  geograpi...cal  conditions  the  a irport  is.  kor  each 
pilot  spi-Cifications  of  tlie  ..minimum  cloud  height  and  visibili- 
I ty  for  take-off  and  ianuing  are  given.  In  com.uon  practice, 

, ti.ere  are  two  classes  of  weatner  standards,  Ei;..ply  called 

! Class  I and  ClaoS  li.  ihe  general  standard  specifications  of 

I cloud  height  and  visioility  are  100-200  meters  and  1-2  kilo- 

meters respectively,  ine  existing  lowest  specifications  of 
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cl  I'ud  i.cigiit  and  vicLbility  for  Clabb  1 w>;atner  standards  in 
the  best-e.;uipped  airportt;  in  the  v/orld  are  30  ..eters  and 

•I 

'500  aieters  resj^^ectively . i'o  carry  oul  aviation  vith  tnese 
S \ specifi cation^  reiiuires  coriipatiblt  ei;uip.*.eiits  oh  board  trie 

aircraft  and  a very  skillfax  pilot. 

( 

Aeroplanes  unuer  r-rternal  r'orces 

Goiiirades  naving  first-hand  experience  in  aviation  know 

I that  aeroplanes  in  flight  so:i.eti;ixes  exoerience  disturbances 

( 

, which  cause  gre<*t  u iscomfort  to  ciie  passengers,  es.ecially 

• in  the  su  lertliiie  when  flyi  g over  desert  areas,  fhe  reason 

is  that  as  the  sandy  surfaces  on  the  ground  are  being  heated 
up  by  the  sun,  the  teiujierature  of  the  layer  of  air  next  to 
the  ground  increases.  The  heated  air  then  rises  sharply, 
sets  up  a large  convection  of  air,  and  thus  creates  unstable 
currents  in  the  sky.  Aeroplanes  passing  over  these  regions 
will  encounter  disturbances.  Another  situation  in  which  vio- 
lent disturbances  are  felt  is  when  the  aircraft  flies  into 
thick  clouds,  rainy  clouds,  or  thunderstorm  active  regions, 

Tnese  disturbances  not  only  cause  discomfort  to  the  passengers, 
but  more  imuortantly  is  the  fact  that  each  aeroplane  has  a 
certain  designed  limit  n strength,  so  wnen  this  limit  is 
exceeded  by  tiie  violent  disturbance  force  acting  on  xhe  ae^’o- 
plane,  the  aeroplane  '.ill  suffer  structural  damage  and  at  ex- 
treme cases  V ill  even  bi-eak  up  in  the  air.  Therefore,  wl.en 
the  pilots  encounter  great  disturbances  in  flight,  they 
usually  adopt  the  ...easure  of  Ci.anging  the  aeroplane  altitude 
in  order  to  avoid  t^e  violent  disturbance  regions. 

On  tne  ground,  wiau  can  affect  directly  tiie  take-cff 
and  lar.ding  aeroplanes.  Accordingly,  tnere  are  wind  direc- 
tion and  wind  npeed  s^/ecif  icu  bions  in  the  weather  standards  for  each 
a irnort.  I'or  a parbicular  model  of  aei'oplanes , when  ti  e 
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wiu:'!  .'MrcCoioa  a.id  v/iad  speed  exceed  the  specified  standerd^, 
ta.*.e-off  and  landing'  are  not  allowed.  It  is  because  under 
this  c ircuLiStance , ti-e  force  of  tiie  '.\i.^d  act  lug  on  t..e  steer 
i .jj  surfaces  of  t!.e  aeroplane  is  so  iuuc'i  greater  t-.^an  t};e 
strerii^tn  of  t:.e  coutrolliiij^  £^ears  tnat  eitiisr  steerin^i  will  be 
difficult  or  tue  aeroplane  will  be  daiuat:,ed, 

iispaxr  .exit  of  the  otreaialines  of  Aeroplaxies 

bven  in  a hot  sumiuer,  it  is  possible  for  ice-forniation  to 
occur  on  tue  body  of  an  aeroplane  in  flignt.  i'i;e  fact  is  that 
the  atmosphere  derives  its  teinj^erature  from  rad i.at ions 

coming  frou.  tne  ground  that  gets  heated  by  f'.e  sun.  fiius,  the 
at  .iosp'i.eric  tet.perature  decreases  with  increasan,^  altitude. 

I:.  t>enerr.l,  iu  the  alcwtude  raUj^e  attainable  by  aer.jplanes , 
the  deci-e^.exit  rate  Is  about  0.65  °C  per  100  lueters  on  tae  avei- 
at^e , so  when  txie  surface  te:,.perature  is  about  30 '’0  in  the 
suiii..,erti  i..e , t:*e  air  temperature  at  an  altitude  of  5000-6000 
..leters  is  geiierally  below  zero.  An  aeroplane  travel  lung  in 
cold  air  is  likely  to  have  .ice  for.wed  on  the  v andv;  - ■ d r.'.irfnce^ 
of  its  chilled  body  when  It  enters  clouds  or  jreciy-itat.  n 
regions,  u'.e  danger  of  ice  forma-ion  li.es  mainly  i..  the  fact 
tnat  tae  ice  layers  tend  to  cnanj^e  the  streamlj.ij.es  of  t^e 
aero^,lane  and  tnus  j.ts  dyua.nical  properties  i._  the  a^r 

by  increasing  its  fr.xii-al  resistance  as  vxell  as  its  weight. 
Goj.senuently , txje  aeroplane  can-.':t  . .aintain  its  altitude  and 
Speed,  ice  for...ai,io'i  caxi  alsu  occur  at  tiie  air  ixilet  passages 
of  t’..e  engine,  the  radiator,  ana  . ther  places,  an'  renders 
t e ehf.ine  i. . operative . if  the  ice  pieces  f;-lu  off  and  drop 
ij'ito  txiC'  air  linlet  passacjes,  lUX  and  daiuage  tlxe  blades 

of  the  compressor  that  are  rotating  at  hign  speed,  serious 
coiise  ,uence  will  result.  All  moaern  large  trn  .sporteiinn 
aircrafts  are  equippea  witn  anti-freeze  .facil  j.ties.  Under 
conditions  conducive  to  ice  foi'mation,  the  aitti-  reeze 
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system  *111  be  turned  on  to  warm  up  places  .':usceptible  of  ice 
forriaxion.  so  tnat  freezing  discouraged,  a;id  in  case  tnin. 
layers  of  ice  i ave  been  formed,  to  melt  them  away  immediately. 
l!i  order  to  avoid  ice  formation  on  t;.e  aircrafts,  pilots 
us..aj.ly  adopt  t e .easure  of  circumvening  clouds  ana  rainy 
regions  that  ai'e  favorable  to  ice  forma  cion. 

ij'inaliy,  the  girl  coiifidently  reassured  us,  "Even  though 
hature's  caprices  can  give  rise  to  some  unfavorable  effects 
on  aviation,  they  can  be  forecasted.  «.'ith  tno  auvances  in  our 
country's  aviation  meteorology,  and  tnrough  tl.e  diligence  of 
the  meteorology  department,  accurate  weather  forecasts  can  be 
provided  for  aviation  at  arxy  time.  You  can  totally  depend  on 
the  assurance  of  safety  in  our  country's  aviation." 

On  the  runway,  the  silvery  ■ site  aeroplane  was  receiving 
its  last  touch->ip.  Irie  crew  ii.embers  of  the  aeroplane  were 
receiving  the  passengers  wcnmly  by  the  staircase.  In  a few 
minutes,  1 was  goint,  to  begin  another  pleasant  [journey  in  the 
srcy . 


Figure  1 

Natural  Phenomena 
That  Affect  the 


Figure  2 
iiiffects  of  the 
Natural  Forces  on 


Yie\,'  of  the  Pilot  the  structure  of 

the  Aeroplane 
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Fij;,ure  3 Stream- 
lines of  the  Aero- 
plane Got  Distorted 
Due  to  Ice  Formation 
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Figure  4 General  weather  Visibility 
Standard  Kequlred  for  Landixig 


(r%<,  ^ 

Figure  3 Distur- 
bances Ft/ It  by 
Aeropiane  over 
uesert  Areas 
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Figure  6 Distur- 
bances Avoided  bj- 
Altering  the 
Flying  Altitude 
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Figure  7 Circurn- 
venine,  Kc^iny  Are?s 
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Abstract  ^ 

iiarthquake  is  a co:..  on  iiaturai  pneno.r.enon.  By  carefully 
observing  its  forewarnings  with  tue  rielp  of  all  kinds  of 

e ifective  ;*.ethods,  earthquake  forecasts  can  be  uade  possible.  j 

Bo  far,  the  use  of  a,rtificial  satellites  as  a aieans  for  ; 

earthquake  prediction  is  still  at  tlie  exploratory  stage,  which  | 

provides  us  with  oiily  so.ne  background  infor;..ati on.  Although 

it  is  lielrful  in  the  prediction  of  earthijuakes  at  their  early  i 

and  intermediate  stag^es,  the  problein  of  forecasts  close 

to  and  ituned lately  before  the  occurrence  of  earthquakes  is  far  i 

from  being  solved,  ny  consulting  overseas  sources,  tnis  I 

article  x)resents  a brief  introduction  to  the  current  status 

of  the  satellite  w.ethod  for  earthquake  prediction. 

In  recent  years,  the  subject  of  earthquake  prediction  by  I 

satellite  has  received  much  attention,  A nui.,ber  of  countries  I 

have  already  embarked  on  the  research  and  experimentation  in  \ 

this  field.  Their  work  can  be  summarized  to  be  carried  out  | 

along  two  directions.  j 

j 

The  first  approach  involves  tiie  surveying  and  photo- 
grapning  of  large  areas  of  land  on  earth  by  artificial 
satellites  in  order  to  study  the  macro-structures  of  the 
terrains  and  to  locate  potential  eartiniuake  sites. 

Earthquake  is  a natural  phenoi^enon,  whose  occurrence  is 
related  to  the  geomorphology  of  the  earth,  especially  the 
distribution  of  faults.  Aerospace  technology  has  provided 
us  with  novel  and  convenient  methods  to  survey  landforms  and 
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and  distribution  oi  faults  from  the  air. 


Surveying  and  repeated  photographing  of  large  areas  of 
land  on  the  earth'^.  surface  are  facilitated  by  the  use  of 
satellites  orbiting  at  altitudes  of  several  hundred  kilo- 
dieters.  Geological  structures  and  land  forms  tijat  cannot  be 
reflected  in  nari’ow-range  photographs  are  now  clearly  re- 
flected in  piiOto:_raphs  of  v/ider  range. 

the  sixties,  the  Americ;in  Imperialists  took  a 
large  amount  of  p/iotographs  of  the  earth  from  satellites  and 
airships  for  political  and  military  purposes.  After  inten- 
sive study,  they  fou.nd  that  tiiese  piiotographs  not  only  had 
military  values  but  also  !iad  sic^uif icance  in  some  civilian 
and  economic  applications,  one  of  'which  is  eartncuake  pre- 
diction. A’or  example,  tiie  pictures  of  the  California  t-e  ._on 
in  tiie  United  ouates  taken  from  the  Apollo  7 and  Apollo  3 
mainned  airsnips  revealed  that  ti.ere  were  three  active 
cross-snaped  faults  in  She  vicinity  of  the  Los  An,-_.eles  area, 
with  tnis  inforiiiation,  an  eartiicuake  forecast  vas  iss’...ed  in 
an  astronomy  meeting  in  196y,  which  'vas  later  fulfilled  in 
iebruary,  1971.  In  order  to  further  encroach  on  osher  .lation's 
resources,  the  Au-erican  imperialists  devised  t:;e  nart'  nesources 
Jatellite  program  in  1970,  in  '/hiich  surveying  of  . eolotieal 
structiares  and  la.ndforms,  understanding  of  the  distrib’ution  of 
faults,  at.d  the  search  for  earthquake  prediction  :'.et:ods,  were 
also  included  as  important  items  for  vl.ich  research  ,.as  to  be 
carried  out. 

After  two  years  of  research,  the  American  i;..perialists 
launched  into  space  the  first  iwartn  resources  satellite  on 
Ju-Ly  23,  1972.  The  satellite  weigiied  892  kilograms,  ?aid  r.o'.ed 
in  an  orbit  with  a period  of  103.2  minutes.  The  orbit  had 
perigee  and  apogee  905  and  913  kilo...eiers  above  ground 
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rey .'jectively , and  an  ani;,le  of  inclination  of  99.125  decrees. 

The  ;otellite  carried  three  ;i'.lti-spectrum  iiiatiera  and  a 
station  of  spectroj^raph  operative  i.  four  spectral  bands. 

After  ten  days  in  orbit,  the  iiiia.ers  ceased  working  due  to 
failure  in  tiie  electrical  circuits  , while  the  spent ro,,;:ranh 
CO  itinued  to  take  pictures  of  places  all  over  the  ^lobe. 

Distribution  of  soae  faults  on  the  earti  's  surface  were 
clearly  visible  in  these  pictures,  which,  when  con’ibi;.ed  with 
the  analysis  of  historical  itifor.;;ation , led  to  the  discovery 
of  new  faults  and  the  activities  of  the  faults.  There  were 
seven  recorded  earti. quaKes  in  Alaska  in  the  United  States, 
but  only  five  faults  were  found  on  the  old  geological  laap, 
which  explained  the  occurrence  of  only  two  of  the  earthnuakes. 

Later,  tiirough  the  analysis  of  the  satellite  pictures,  seven 
new  faults  v/ere  discovered,  tr.ereby  ex{)]aining  the  re...ai:;ing 
five  eartnquakes.  In  1i^72,  after  the  £,reat  eartnquake  in 
Ecuador,  a cros;.,- shaped  fault  wa.i.  also  found  in  che  lucnl 
satelixte  pictures. 

The  second  approach  involves  the  continuous  monitoring 
of  the  anoualous  wobble  of  the  earth's  rotation  axis  and  of 
ti  e deformation  of  the  active  faults  with  the  use  of 
satellite  technology  in  combination  with  ot'ner  precision 
distance  i..easure  ,ent  methods. 

1 vestigatiorii  ind  icate  tiiat  the  wobble  of  the  ear-*  's 
rotation  axis  can  often  be  linked  to  the  occurrence  of  vio- 
lent eart'.riuakes . .»;.en  the  dates  of  tiie  tv  enty-two  vio'^  ent 

ear t.'icuakes  are  checked  a .aiast  the  antes  on  wr.ich  woboles  o*' 
the  earth's  rotation  axis  were  perceived  between  19'"7  ^nd 
19*53,  one  finds  tnat  tuere  are  i..atGhes  between  fifteen  pa-’rs 
of  tiiem,  equivalent  to  a.  percentage  of  68.  moreover,  t ris 
tcind  of  anomalous  wobble  appeared  0 e to  eighteen  daps  before 
the  occurrence  of  five  out  of  tne  six  most  violent  earthnuakes, 
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motion  was  very  stable.  In  tae  course  of  iiieasure.-iient , a laser 
beam  was  eiQitted  fro.i*  the  gjound  station  to  the  satellite, 
which  then  z'eflected  the  laser  pulses  back  to  the  ..round  sta- 
tion by  iiieans  of  its  laser  reflectors.  Tnus,  by  .measuring 
the  ti;i.e  taken  by  the  laser  pulses  to  go  forth  and  back  to 
the  ground  station,  the  actual  j-ovei-jeiit  of  the  spot  on  which 
the  ground  station  was  situtated  could  be  calculated.  Accord- 
ing to  the  sources,  the  co;;iplete  work  using  this  laser  geodetic 
surveying  satellite  will  be  fiiiished  by  iTrora  the  da.ta 

and  the  matheuatical  model  for  the  crusta.1  motion  thus  obtained 
it  is  possible  to  construct  a seismic  map,  and  in  the  next 
twenty  years  forecasts  oxi  local  earthquake  zones  can  be  made, 
fhe  crux  of  this  measure. i*ent  technique  lies  in  tne  require- 
ments tnat  the  satellite  orbit  oe  very  stable,  and  the  a.easure- 
i..ent  of  tne  orbit  be  very  accw..rate. 

On  i'eoruary  u,  i'rance  launched  a small  laser  geo- 

detic-surveying satellite  into  space.  Ciiristeued  "Little 
Star",  the  satellite  ■..ei._,hed  4-7  icilograms,  i;.easured  24  ce..ti- 
i.eters  in  uiameter,  axid  cai'riea  bO  laser  reflectors.  Its 
operational  pri.iciples  and  obj'.  otives  were  sirndlar  to  the 
one  lauuc  ed  oy  tne  Ai.*erican  u,  q erialis ts . 

in  co.. elusion,  the  work  on  earu  . uaKe  prcoici-iori  by 
satellites  is  still  at  the  explorr^tory  ia.u xpf’riii.ental 
stage.  So  ar,  prelimij..*ry  work  indicates  tnat  one  can 
obtain  i;u^■ortant  bacK. _ roi..na  iniormaiion  for  tne  prediction 
of  ear Li.q ufikes . Al  tnuu^i.  ii  is  nelpful  in  ine  pre^'iction 
■of  eart..;;  tames  at  t t arly  aiid  . .itt  rmed  rate  stages,  tne 

, problem  of  givir.e,  forecasts  closo  to  ar.i  iimuesietely  before 
the  occurrence  of  ear'..quame£  i..  st.il  for  froia  ueai.c.  solved. 
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